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disposed on or adjacent an implantable endoprosthesis 
(16) in a body lumen (1 2) for a predetermined amount of 
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Description k, ■•■ . -;c ^ 

Background of the Invention ' ' - ; : ■ ■. -;ro • 

[0001] This invention relates generally to a bioabsorbable marker having radiopaque constituents "bioabsorbable- 
radiopaque marker" for use on an implantable endoprosthesis such as a stent The bioabsorbable marker includes dis- 
persable radiopaque constituents which are not bioabsorbable or degradable, but are excreted from the body or stored 
in the body. 

[0002] Implantable endoprostheses including stents, stent-grafts, arid grafts are used iri percutaneous transluminal 
coronary angioplasty and in other medical procedures to repair and support diseased or damaged arteries and body 
lumens. Grafts are- implanted to cover or bridge leaks or dissections in vessels. Stent-grafts are stents which generally 
have a porous coating attachment. Unsupported grafts are porous tubes which are typically implanted by surgical cut- 
down, s cf. ->••: ^ , — ■ ^ . " . : . .-.r •■ m : u "■ • ■ % .v. v.-. . • .. , . - . 
[0003] In order to visualize the passage and placement of the implantable endoprosthesis in arteries and body 
lumens, may.surgical procedures are performed with theaid of fluoroscopic angiography.^ The surgical delivery device 
and implantable endoprosthesis may be visualized if they are radiopaque and offer radiographic contrast relative to the 
body. For example, X-ray radiation may be used to visualize surgical delivery devices and deployment of the implant in 
the body. Also, radiographic contrast solution may be.injectfed'intb the body lumen so that the lumen may be seen in the 
fluoroscopic image.. * J : * . .*. ■: ... :;. . w .*■ r ...... 

[0004] In order for the Implantable enddprosthesistobe radidpSque;-it must be made from a material possessing radi- 
ographic density higher than surrounding host tissue and have Sufficient thickness to affect the transmission of x-rays 
to produce contrast s the image. Reference is madeMo the^eiad composite stent shown in United States Patent No. 
5,630.840. An implantable endoprosthesis may be made'of metal is including tantalum, or platinum having relatively high 
radiographic densities. Other metals such as stainless steel, super&llbys, nitiriol, and titanium having lower radiographic 
densities may also be used. Reference is made to implantabtedevices shown in United States Patents Nos. 4.655,771 ; 
4,954,126; and 5.061 ,275.. . * rr . 

[0005] An implantable polymeric endoprosthesis is generally radiolucenf and does hot possess sufficient radiographic 
density to be easily imaged by fluoroscopy. To improve the imaging of such polymeric materials, polymers may be mixed 
with radiopaque filler materials prior to molding or extrudingln order to enhance the radiographic density. However, a 
disadvantage of using fillers with polymers is that changes in the properties of the polymer may occur. For example, the 
additions of fillers may reduce the strength or ductility of the polymer. 

[0008] There is a need for a improved bioabsorbable-radiopaque marker for use in medical devices, particularly in 
temporary medical devices having low radiopacity. The need to improve the radiopacity of a relatively low radiopaque 
implantable endoprosthesis or to improve imaging in low radiopaque conditions is particularly important for surgery, 
micro-surgery, neurosurgery, and conventional angioplasty procedures performed under fluoroscopy. Physicians are 
constantly being challenged to place small implants at specific intraluminal locations. Various devices having radiopac- 
ity are known in the art such as shown in United States Patents Nos. 4,447,239; 5,354,257; and 5;423,849. 
[0007] All documents cited herein, including the foregoing, are incorporated herein by reference in their entireties for 
all purposes. ; . - " 

Summary of the Invention * ^ ^SSaaLJ ' 5 

[0008] Accordingly, there is a need for bioabsorb^le-radiopa^u^,fharkers for use on implantable endoprostheses in 
order to improve radiopacity and the locatability of an endoprosthesis during various medical procedures. Providing 
temporary radiopacity is especially advantageous for implantable endoprostheses having little" or no radiopacity. The 
bioabsorbable-radiopaque markers allow radiographic identification of one or more locations of interest on an implant- 
able endoprosthesis. Bioabsorbable-radiopaque markers in the fabric or covering materials of an implantable endopros- 
thesis are advantageous for indicting the location of the fabric or covering during implantation: 
[0009] Alternative uses include threading the markers: adjacent a helical strand in the implantable endoprosthesis; 
circumferentially around the implantable endoprosthesis; or in a straight line in the axial direction of the implantable 
endoprosthesis. One or more bioabsorbable-radiopaque markers may be used on the implantable endoprosthesis hav- 
ing little or no radiopacity. After implantation, the bioabsorbable-radiopaque marker may be absorbed, dissolved, or 
excreted from the body so as not to effect the function of the endoprosthesis. 

[0010] A disadvantage of certain permanent radiopaque markers is thait they may compromise structural integrity, 
may not be biocompatible or biostable. and may be more thrombbgenic than the implantable endoprosthesis. 
[001 1] The bioabsorbable-radiopaque marker of the present invention advantageously allows most any implantable 
endoprosthesis to have temporary radiopacity over a predetermined portion of its structure, and advantageously assists 
with proper positioning and locatability of the implantable endoprosthesis in a body lumen. 
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[0012] Use of the bioabsorbable-radiopaque marker is advantageous because the radiopaque property may be 
present only for a desired time period on an implantable endoprosthesis. For instance, once the implantable endopros- 
thesis is implanted, it may be more desirable toimage with techniques such as ultrasound.- magnetic resonance, and 
endoscopy and to avoid further radiation exposure to the patient. As the Dioapsorbabie pol ymer deg rades radiopaque 

5 material si multaneously or subsequently disperses into the bofiv 'Tha dispersion of the. radiopaque material from the 
marker results ip ajoss of radiopacity in the marker. A predetermined rate of release of the radiopaque material .may be 
designed into the bioabsqrbablp marker base&pa degradation of the polymer in the body or ttie design of the marker 
structure. . \\; 

[0013] The bioabsorbable material-in the- bi oabsprbable- radio paque, marker s j nay imdude/polymers^; copolymers 

io such as polylactide [poly-L : )a^de;(PL4^), poiy-D-*acjtide (PDLA)], poiygiycoiide, poiyaioxanoneppolycaproiactone,.poL- r - 
ygluconate, polylactic acid-polyethylene oxiole copolymers, modified cellulose, collagen, poly(hydroxybutyrate), polyan- 
hydride, polyphosphoester, pply(arninp acids), pplyfalpharhydroxy acid). or related copolymers materials, .eacfcr of. which 
have a characteristic degradation rate in the body. For example, poiygiycoiide and polydioaxanone are relatively: fast- 
bioabsorbing materials. (weekslq mpnths) and PLAis a relatively stow-bioajjsorbing material (monthsrto years).^ora 

15 PLA jnember v . mass degradation;. is completed with 4otal afc?sorption.of< the polymer endoprosthesrs:in;-about 1.5to.3 . 
years after implantation. ^ cr •:wz^Q\b&i>m v.*rfc u oi^ t-v.*:/ - :■;* : . J "--. -icDr iW?" ■: ?».-..: b-;- 
[0014] Bioabsorbable resins are commercially;eivailaWe1rQrtt:severalsburces 

including pyRAC;America,r|nc. .otyneolnshire,:IHjnpte.nRjacHopaqtie materials such as barium sulfate and bismutrvtri- 
oxide are commercially available and compounded with the bioabsorbable resin by New England Urethane, Inc. .of 

20 North Haven, Connecticut -The bioabsorbable re§in-$r bioabsorbaW.e^adiopaque cesin; may beiextrudeddntb filament 
by Albany InternatiooalBqsearch Co. .of Mansfield. tMassachusstte. :*v : * ■ • v r r -\ > • ■ & * -? ) f .- y / ? p ; ■ .: 7 
[0015] The bioabsorption rate of th& marker: may feQ -designed, tpibefast for applications where acuta radiopacity is 
desired such as during: positioning atnd pteoementof tfopimplant Afternativety„the bioabsorption rate .may be designed 
to be slower fo/ appjicatiOTs where th^ of its functional 

25 time. : for example, in. implants where^healing^ay .t^%rnontr^.' Other bioabsorption rates are also possible. The bioab- 
sorption rate of the marker may be tailored by controlling the type of bioabsorbable polymer; chemical composition of 
the bioabsorbable polymer: -molecular; weightpf the/bjoateorbable polymer, thickness and density of the, bioabsorbable 
polymer, surface area ofrthe marker,,exit I area.for the; radiopaque material. and design oithe marker structure. • 
{0016] : The degradation products .from the bioabsorbable marker and the-dispersed radiopaque material are metab- 

30 olizedr-excreted. or stpred.by Jhe body.;;Metabpl|sm is 4he. chemical process in living cells by which energy is provided 
for vital processes and activities and new material is assimilated to ; repair the waste. It. is the sum of ihe processes by 
which a particular ; substance is handled in the^iving.bpdy. Excretion is separation and elimination or discharge from the 
blood or tissues of .useless, superfluous, or -r- v 

[0017]; The biocpmpatibility pf>absprbablerpplymers during degradation depends upon the<rate of accumulation ad 

35 howwell tr)e surrounding, tissue or fluid buffers or metabolizes the degradation products. If the products are metaboliz- 
able ; the rate at which this will occur is dependenkupon the blood circulation in the tissue. A welt-vascularized lumen 
wall could buffer and metabolize degradation products as they arereleased from the implant. This biological process is 
important to minimize 

[0018] The degradation products from PLLA and PGA are lactic and glycolic acid, respectively, which are normally 
40 present in the human body. The acids are metabolized by cells around the implant. The metabolization process is a cit- 
rate cycle which converts the acids to carbon dioxide which is respirated out of the body. 

[0019] The radiopaque agents added to the bioabsorbable marker are generally insoluble in the body and thus are 
not metabolizable. If these materials are trapped, within tissue, the host generally; reacts by encapsulation and accept- 
ance of the. biologically inactive particles.; If the material. is. released vfrom the implant into, systemic circulation, it will 

45 migrate with fluid flow until.being excreted or collected and stored by. organs or tissue: The idea is to only have small 
amounts of the : radiopaque substances in the jmplant by incorporating the discrete bioabsorbable-radiopaque marker 
rather than tojoadth^ entire .implant with the radiopaque material. Minimization: of the amount of radiopaque" material 
which will be liberated from : the marker uppn. absorption of the polymer must be considered .when.determining the load- 
ing percentage based on radiographic and mechanical. properties. *\ .v 

so [0020] To be radiopaque, the markers should include .material having, atomic* elements: of. sufficiently high atomic 
number and. be of sufficient thickness: to. provide sufficient radiopacity for imaging. The bioabsorbable-radiopaque 
markerHTtav-have~one -Or more hollow ^cavitv. o uaorous portions wherein radiopaque material may be disposed^ . 
[0021 ] Attenuation is the change in the number of photons in the incident x-ray beam due to the interaction with an 
absorber. To image an object implanted in the body, it wpuld be desirable to have the object attenuate x-rays more than 

55 body tissue, bone, and fat so that the difference ^contrast will be obvious in a radiograph. The difficulty in selecting a 
radiopaque materiat for surgical implants is that the material must have desirable radiographic characteristics and bio- 
compatibility. m , 

[0022] In order to make an implant more radiopaque, a substance which absorbs more x-rays can be deposited on or 
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mixed in with the implant material. If the implant absorbs more x-rays than the surrounding medium (for example tissue 
in the body), it will be visible as a sharp change in contrast on an x-ray film or fluoroscopy image. 
[0023] - The fraction of x-ray energy transmitted through the absorber is quantitatively predicted by the following equa- 
tion desoribed.in Jhe Physics of Radiology, Fourth Ed., H. Johns, J. Cunningham, 1983, pp:137-142. 

5 • ' . . - ■ 

N = number of photons transmitted through x — ■ 

N 0 = number. of photons jn the. incident beam — . 

p. = linear ^enuation coefficient of the absorber _ . . « 

io x = absorber thicliiess \ 
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[0024]- N/N 0 'would be the fraction of incident x-ray energy thai is transmitted through the absorber. A more radiopaque 
material wpuld.have.a jesser fraction of transmitted energy than a rnore radiolucent material. Therefore, to enhance the 
radiopacity of a material, such as the marker material, it would be desirable to select a material with high x-ray:absorb- 

is ing capability tcf mirHmize the fraction of transmitted energy This radiopacity capability is proportional to the linear atten- 
uation coefficient and the thickness : of the absorber material.* The higher the 'attenuation obeff icient of the absorber 
material for a given* thickness, th3- mere ;radicpaquo the absGrberv/ill be. The attenuation- produced by an absorber is 
dependent ,upon Jhe number of electrons and atoms, present in. the absorber:; One.way of quantifying this absorption 
characteristic is with the atomic attenuation coefficient whichjs c^r^y proportjonai to the lin^r attenuation coefficient 

20 and the atbmicWumbef of the absorber^lemeht RadfopacityTslherefore general proportional to the atomic number 
(number of electrons in theatorn) of the materiai/Candidafe'maferiials for' enhancing the radiopacity of surgical implants 
would, have higher atomic numbers than the-elsmonts isrsscnt in the body and'wouldhave to be biocompatible. The 
atomic number must be sufficiently high so that relatiyely.small thickness of absorber material can be used in the body. 
Reference is also made to linear attenuation coefficient described in United States Patent No. 5,628,787. Reference is 

25 made to Table 1 which describes a number of elements and their respective atomic numbers and certain linear attenu- 
ation coefficients. * - - * * * * 
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Tabie 1 
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Element or Material 


Atomic Number or 
Effective Atomic Number 


Linear Attenuation 
Coefficient at 50 KeV em*l 




1 1 


O0OO23? 1 


carbon 


6 


417 . • 


fat 


6.46 


1925 ? 


watpr 


7 51 

/ mm* 1 


2745 


muscle 


7 64 




air 


7 78 




nitroocn > »\ 2 • •« 


#. •«■' " * * „ *■' - • • ■ 
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titanium , » , . » 
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bromine 


35 ' . : r . : 

^ < -ir^' v .--,r -v— i« • ' r * . 




zirconium . r r 
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iodine 


53 • - ; - • 


45 ■- "- ■ • • ' 


barium 


56 j 


58 


tantalum 


73 


111 


platinum 


78 


108 


gold 


79 


101 


lead 


82 


88.7 


bismuth 


83 


108 
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50 
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[0025] The elements hydrogen, oxygen, carbon, and nitrogen are commonly found in the body and in polymers, so 
elements with higher atomic numbers than these should enhance the radiopacity of a polymer implant or marker. Tan- 
talum, zirconium, titanium, barium, bismuth, and iodine are known to be non-toxic in certain concentrations and thus 
are candidate elements for enhancing radiopacity of a polymer marker in an implant These elements can be added to 
the polymer in various loading percentages and the threshhold above which the loading causes unsatisfactory changes 
in the polymer characteristics can be determined through material and device testing. The elements which can be 
added in quantities sufficient to enhance radiopacity and maintain an acceptable level of polymer properties and which 
are biocompatible could be utilized in markers. The biocompatible elements with a range of atomic numbers of from 
about 22 to about 83 and having linear attenuation coefficients in the range of from about 10 to about 120 cm" 1 at 50 
KeV should provide enough enhancement in radiopacity without excessive thickness being necessary to be useful in 
markers. These elements would include at least titanium, vanadium, chromium, iron, cobalt, nickel, copper, bromine, 
zirconium, niobium, molybdenum, silver, iodine, barium, tantalum, tungsten, platinum, gold, and bismuth. The preferred 
metallic elements for biocompatibility and radiopacity are titanium, zirconium, tantalum, and platinum. The preferred 
organic elements for biocompatibility and radiopacity are bromine, iodine, barium, and bismuth. Especially preferred 
elements are tantalum, platinum, barium, and bismuth because of their high atomic numbers and biocompatibility 
(atomic numbers from 56 to 83 and linear attenuation coefficients from 30 to 120). Tantalum and platinum are used as 
stent components and barium sulfate and bismuth trioxide are used as radiopaque enhancements for polymer cathe- 
ters. 

[0026] The bioabsorbable-radiopaque marker may be inte grated into a subassembly or a finished implanta ble endo- 
prosthesis during manufacture. Radiopaque elongate elements may be braided together with non-radiop aque bioab- 
sorbable elongate elements to form a tubular braided stent, or the bioabsorbable and radiopaque elongate elements 
may be woven into the finished-braided stentf 
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[0027] The bioabsorbable-radiopaque marker would advantageously add temporary radiopacrty to a implantable 
endoprosthesis such that the.temporary marker would not require a medical procedure forremoval from the patient. 
[0028] In sum the invention relates to an implantable endoprosthesis and bioabsorbable-radiopaque marker system 
including an implantable endoprosthesis adapted to be disposed in a body lumen and at least One marker. The marker 

5 having a proximal end, a distal end, and a thickness. The maker including bioabsorbable material and radiopaque mate- 
rial and is disposed on or adjacent the endoprosthesis. The marker is adapted to degrade in vivo whereby the bioab- 
sorbable materialis metabolized through or excreted from the body and the radiopaque material is excreted from or 
stored in the body. The bioabsorbable material may include a polymer or copolymer. The bioabsorbable material may 
include poly-L-lactide, poly-D-lactide, polyglycolide, polydioxanone, polycaprolactonerarid polygluconate, polylactic 

10 acid-polyethylene oxide copolymers, modified cellulose, collagen, poly(hydroxybutyrate), pblyanhydride, polyphos- 
phoester, poly(amino acids), poly (alpha-hydroxy acid) sand combinations thereof. The radiopaque material may have a 
linear attenuation coefficient of from about 1 0 cm 1 at 50 KeV to about 1 20 cm" 1 at 50 Ke V. The marker may have a aver- 
age thickness af^from about 20 microns to about 500 microns and the radiopaque material includes at least one element 
with a atomtemimbei of from about 22 to about 83. The radiopaque material may include barium sulfate, bismuth triox- 

is ide, brorrwde.iiodineiiiodide, titanium oxide, -zirconium oxide, tantalum, -and combinations thereof The radiopaque mate- 
rial ;may be>arr oxide or salt material. One of t he bidabsdrbabte material or radiopaque material may be coated o r 
c ompoundedrwithitrie o ther ad the radiopaque material may hav£ a linear attenuation coefficient of from about 10 cm' 
1 at 50 KeV to: about 120 cm . 1 at.50 KeV. The marker may have a weight percent of the radiopaque material in the bio- 
absorbable material; of from about t%:tb about: 80%: The. biMbsorbabfe material may^con&isrt of RLLA arid the radib- 

20 paque material may consist of bismuth trioxide and the weight percent of the bismuth trioxide in the PLLA may be at 
least about 1 0 %. The bioabsorbableimateriahmay consist ofcPLLA arid the radiopaque material may be barium sulfate 
and/the weight percentage of the barium sulfate in the RLiaA may be at least about* 1 0 %. The marker may substantially 
degrades in less than about. 3 years: "Substantial degradadation of the marker" means that the marker has lost at least 
50% of its structural strength. It is preferable that the :marker'lo^e about 100% of its structural strength. The bioabsorb- 

25 able material may .consist of polylactide and the radiopaque rraterial may consist of barium sulfate, bismuth trioxide, 
iodine, iodide, and. combinations thereof and the marker substantially 1 degrades in from about 1 year to about 2 years. 
The bioabsorbable material may include poly-L-lactide, poly-D-lactide. polyglycolide. and combinations thereof and the 
radiopaque material may include barium sulfate, bismuth trioxide, bromine, iodine, iodide, and combinations therebf 
and the marker substantially degrades in from about 3 months to about 1 year. The bioabsorbable material may include 

30 polyglycolide, polygluconate, polydioxanone, and combinations thereof and the radiopaque material may include bar- 
ium sulfate, bismuth trioxide, bromine, iodine, iodide, and combinations thereof and the marker substantially degrades 
in from about 1 week to about 3 months. The marker may be a mono-filament multi-filament; thread, ribbon, suture, and 
combinations thereof. The_ marker mayjndude one or more hollow, cavity, porous, and combinations thereof portions 
and the radiopaque materiaTmay be disposed therein. The marker mayliave radiopatity for a predetermined amount 

35 of time. The endoprosthesis m ay be a stent, stent-graft, gr aft, filter, occlusive device, or valve: The endoprosthesis may 
have a tubular, radially expandable structure and axially flexible structure including a plurality of the elongate elements 
which;are interwoven in a braid-like configuration. *v 5 ~: 

[0029] The invention also relates to an implantable endoprosthesis and bioabsorbable-radiopaque marker system 
including an implantable endoprosthesis adapted to be disposed in a body lurneft ad at least one elongated marker. The 

40 marker is adapted to be di sposed on or adj acent the endoprosthesis. The marker includes a proximal end, distal end, 
thickness, bioabsorbable material, and a radiopaque material having a linear attenuation coefficient of from about 10 
cm' 1 at 50 KeV to about 120 cm: 1 at 50 KeV. The marker has a tieast-QRe-heUo w. cavity, or poro us portion where the 
radiopaque material may be disposed. The bioabsorbable material at least partially contains the radiopaque material in 
the marker. The radippaque-matedaUjjay be a liqui d, solid, powder, gel, partic le, or combinations thereof. 

45 [0030] The invention also relates toametnoa or manning a implantable eridoprostnesis including: disposing at least 
one elongate marker on or adjacent to at least a portion of a implantable endoprosthesis. The marker is from about 20 
weight percent to about 99 weight percent of a bioabsorbable polymer and from about 1 weight percent to about 80 
weight percent of a radiopaque material. The radiopaque material includes liquid or particles, the particles having an 
average diameter less than about 200 microns ad a maximum diameter less than about 400 microns. The radiopaque 

so material has a linear attenuation coefficient of from about 1 0 cm' 1 at 50 KeV to about 1 20 crrY 1 at 50 KeV; disposing the 
endoprosthesis and marker in a delivery system; inserting the delivery system in a body lumen; deploying the endo- 
prosthesis and marker from the delivery system into a body lumen; and allowing the polymer to bioabsorb or excrete 
and the radiopaque material to subsequently or simultaneously at least partially disperses from the endoprosthesis. 
[0031] The invention also relates to a temporary bioabsorbable-radiopaque marker including a marker having an aver- 

55 age thickness less than about 500 microns and consisting of a bioabsorbable material and a radiopaque material, the 
radiopaque material having a linear attenuation coefficient of front about 1 0 cm" 1 at 50 KeV to about 1 20 cm" 1 at 50 KeV. 
The marker is adapted to be disposed in a body lumen and degrade in vivo. The marker may be elongate and have a 
proximal end and a distal end. . 
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J0032J The invention also relates to a bioabsorbable-radiopaque marker including a elongate element adapted to be 
disposed in a body lumen and used. as a surgical guide; the element including a.bioabsorbable material, a radiopaque 
material, and combinations th^ecrf. ^e.element has a weight percent. W, of the radiopaque material in the bioresorb- 
able material, and an average thickness, X oyer the length of the elongate element. The weight percent, W, is equal to 

5 ^bout; ..... . . -, * - , 

(i) (10 + ((950 x T(measured in mm))-208.5)] ± 5 for radiopaque material having atomic weight 20-100r ; ' '- - 1 

(ii) {(950 x T(measured in mm))-208.5)± 5 for radiopaque material having atomic weight of 1 00 to 1 50 up to a max- 
imum of 80 weight percentages or , . -i.. • .«:;:■ J - - -c ;.v ... 

io (iii) [((950 x T(measured in mm))r208.5) - 10] ± 5 for radiopaque material having atomic weight greater than 150. 
The minimum Wis r about 1 and the maximum W ; is about:80. :: • - - . . ^ . . ^ ^r.e - ■« 

[0033]; The invention also, relates to a marker including from.about 20 weight percent to but99 weight percent of a 
btoabsorbable polymer; andjfrom about 1 weight percent to about 80 weight percent of a radiopaque material. Theradi- 

15 opaque material indudes at -least one of a liquid on-particle, having an average particle diameter less. than about 8 
moons and a maximum particle. diameter less than about flO^nicrons.. The radiopaque material has* a linear attenuation 
coeftoent of from about : 1 0-cm* 1 , at 30 Key to. about 1 20 cml 1 at 50 ;KeV. For vascular system: Thfc preferred average 
particle .-size ts from about; 3, microns, to abojut-6 microns-and a maximum particle'size of 6:rhrcrdns; - For; the digestive 
system, the aver age particle, size may.be:from about :}00;micrdnsto about 1.50 microns and a maximum particle size 

20 -of 400- microns; • r . v. ■>> ;,: ■.'c-h/r ..il?::^ J::'-.-.- v ...it': i--.vr,;n vf-t l m -.r m :*- ;- > > 

[0034] StiH other objects , and: advantages, of the present/invention and?methods of construction of the same will 
become readily apparent to: those skiJIed in the artirom the .following detailed description, wherein only the preferred 
erntxxjsrnents are shown and described, simply by way of illustration of the best mode; contemplated of carrying out the 
-invention As will be realized, the invention is capable of -other and different embodiments and methods of construction, 

25 and its several details are capable of modification in various obvious respects, ail without departing from the invention. 
Accordingly, the drawing anchdescriptipn are to beregarded as illustrative in nature, and not as restrictive. . 



Brief Description of th e Drawings .. ;. m- ; . ' n .=■• • ■ - t *r * 

30 .[0035]. . . .-<■■;:- . - 

A -FIG. 1 is a side view^of stent delivery system having a bioabsorbable-radiopaque marker disposed on an implan- 
table endoprosthesis; . '.:./•' .. . ±- 
FIG.-2 is a side view of the delivery system and a deployed implantable endoprosthesis in a body lumen; 
35 FIGS. 3a ; 3b, and 3c are cross-sectional views of three alternative marker dispositions of the bioabsorbablerradio- 
.paque marker on the implantable endoprosthesis at section 3-3 of FIG. 2; . \ . 
FIG. 4 is a side view of a bioabsorbable-radiopaque marker disposed in a longitudinal pattern on a implantable 
. endoprosthesis;, ., -.. , •■ , v • • -■ . ; , • ... 
FIG. 5 is a side view. of a bioabsorbable-radiopaque marker disposed in a helical pattern on a implantable endo- 
40 prosthesis; * , : , . « . » 
■ FIG. 6 is a side view of a relatively flexible bioabsorbable-radiopaque marker; 

. FIGS. 7a-7e are cross-sectional views of five alternative bioabsorbable-radiopaque markers at section 7-7 of FIG. 
. 6; .. . . . . • • ' .< . . - / 

FIGS. 8a-8c are side views of three alternative bioabsorbable-radiopaque markers; 
45 FIG. 9 is a side views of a porous bioabsorbable-radiopaque marker, and * 
FIGS. . 10a- 10d are side views of four elongate elements having radiopaque materials therein. 
FIG. 1 1 is a side view illustrating one possible arrangement of discrete bioabsorbable-radiopaque markers dis- 
posed on an implantable endoprosthesis; 

FIG. 1 2 is the detail bounded by the dashed-line circle in FIG. 12 illustrating a bioabsorbable-radiopaque marker 
so disposed around on implantable endoprosthesis wire crossing point; . , s ■.>, :. m 

FIG. 13 is a side view illustrating a discrete radiopaque marker; and .*:.•?.'• 
FIG. 14 illustrates the discrete bioabsorbable-radiopaque marker positioned.on an embolization occlusion coil intra- 
vascular device.- f • .- : 

55 Detailed Description of the Invention - • ■ 

[0036] Reference is made to FIG. 1 illustrating a stent delivery device 10 having one or more bioabsorbable-radio- 
paque markers 14 disposed in a helical pattern on a implantable endoprosthesis 16. The bioabsorbable-radiopaque 
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marker 14 is disposed on the endoprosthesis 16 preferably before loading the assembly thereof into the outer tube of a 
delivery device 10. Reference is made to a delivery device shown in United States Patent fvJo. 5.026,377. 
[0037] FIG. 2 illustrates an implantable endoprosthesis 16 having a bioabsorbable-radiopaque markers 14 disposed 
in a helical pattern thereon in a body lumen 12. Implantable endoprostheses 16 known in the art include stents, stent- 
s grafts, grafts, filters, occlusive devices, valves, and combinations thereof, all may incorporate the bioabsorbable-radio- 
paque marker 14. 

[0038] FIGS. 3a-3c illustrate three alternative locations on a implantable endoprosthesis 16 for disposing the bioab- 
sorbable-radiopaque marker. The bioabsorbable-radiopaque marker 14 may be disposed on portions of the inside sur- 
face 17, outside space 19, or be inter-woven or inter-braided about and through the elongated elements of the 
10 implantable endoprosthesis 16. The bioabsorbable-radiopaque marker 14 may be.disposed on the implantable endo- 
prosthesis 16 in one or more predetermined lengths. ! 

[0039] Reference is made to FIGS. 4 and 5 illustrating the bioabsorbable-radiopaque marker 14 disposed in two alter- 
native patterns Jon. the implantable endoprosthesis.16..FIG. 4*Show$ the bioabsorbable : radiopaque marker 14 interwo- 
ven through the filaments of the endoprosthesis 1 6 in a relatively longitudinal pattern. Alternatively, the bioabsorbable- 

75 radiopaque marker 14 may be interwoven throughrthe filamente of the endoprosthesis^ 6 in a relatively circumferential 
pattern. FIG. 5 t shows a marker 14 interwoven through the f ilarnejnts of the endoprosthesis [16 in-a relatively helical pat- 
tern. Other patterns and dispositions of, the bioabsorbable-radiopaque marker 14^on:the;;endoprosthesis 16 are also 
possible. One or more markers 14;may be temporarily dispose^ on the implantable endoprosthesis 16 to advanta- 
geously provide temporary radi opacity to predetermined locations on the implantable tsi idoprosthesis 1 6. 

20 [0040] As shown in FIGS.; 3a and 3c, the bioabsorbable-radiopaque marker 14 may be disposed to one or more sur- 
faces of the implausible endoprosthesis 16 with a relatively weak bioabsorbable adhesive pr gelatin. 
[0041] The bioabsorbable-radiopaque marker 14-rhay includ elongate elements such &s;a ribbon, thread, filament, 
suture, or combinations thereof. The bioabsorbable-radiopaque'marker 14 may be braided to form a rope or cable. 
[0042] As the implantable endoprosthesis 16 is deplpy^fromthe delivery device 10, the bioabsorbable-radiopaque 

25 marker 14 may adjust with the expansion of the implantable endoprosthesis 16, and advantageously provide radiopac- 
ity and enhance the viewing of the implantable endoprosthesis 16 positioner size during f liioroscopy. Once the implant- 
able endoprosthesis 16 is fully deployed, the delivery device 10 may be removed from ttie body and the bioabsorbable- 
radiopaque marker 14 may remain on the implantable endoprosthesis 16 to be bioabsorbed, dissolved, dispersed, or 
excreted from the body. The bioabsorbable-radiopaque marker 14 may be designed to remain oh the implantable endo- 

30 prosthesis 1 6 for a predetermined period of time if there is a need for follow-up angiography 

[0043] Reference is made to FIG. 6 illustrating a bioabsorbable-radiopaque marker 14 preferably made from a rela- 
tively flexible elongate polymeric material including radiopaque material containing at least one element with an atomic 
number of from about 22 to about 83. The radiopaque material preferably has a linear attenuation coefficient of from 
about 1 0 cm' 1 at 50 KeV to about 1 20 cm" 1 at 50 KeV. 

35 [0044] FIGS. 7a-7e illustrate alternative cross-sectional embodiments of the bioabsorbable-riadiopaque marker 14 
taken through the line 7-7 of FIG. 6. FIG. 7a shows a substantially solid member; FIG 7b shows a hollow member; FIG. 
7c shows a member having pores extending radially into the member; FIG. 76 shows a rectangular or ribbon member; 
and FIG. 7e shows a braided hollow member. Fig. 7e may also be a substantially solid braided member. 
[0045] A composite bioabsorbable-radiopaque marker 14 may include a bioabsorbable polymer that is coated, com- 

40 pounded, filled, loaded, or mixed with a radiopaque substance such as iodide, iodine, zirconium oxide, barium sulfate, 
bismuth trioxide, or a related oxide or salt substance. Composite radiopaque materials may contain at least one element 
having an atomic number, preferably, higher than about 22. 0ther radiopaque materials may include gold, platinum, tan- 
talum, metallic biomaterial alloys for coating, and small particles of these materials, preferably, less than 10 microns in 
size for compounding. For compounding radiopaque constituents and bioabsorbable resins to make extruded bioab- 

45 sorbable-radiopaque filament, the weight percentage of radiopaque, resins to bioabsorbable resins ranges from about 
1 percent to about 80 percent. For compounding radiopaque metallicf illers and bioabsorbable resins to make extruded 
bioabsorbable-radiopaque filament, the weight percentage of radiopaque metallic fillers to bioabsorbable resins ranges 
from about 1 percent to about 40 percent. The preferred weight percentage of bismuth trioxide and barium sulfate in 
PLLA filament is a minimum of about 10%. Preferred embodiments of the bioabsorbable-radiopaque marker are set 

so forth below in Table 2. 
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[0046] The column for marker type in Table 2 contains a description of the physical aspects of the marker such as a 
strand threaded in and out of the braided stent interstices, following a wire helix or in and out of the braided stent inter- 
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slices around the circumference, or in and out of the braided stent interstices in a straight line in the axial orientation. 
An interstice is the location where two stent wires in the braid cross over one another. The function of the marker is 
described in Table 2 to indicate how the marker, is used in the endoprosthesis, foe example, to indicate the ends of a 
stent or to allow radiographic visualization of the stent changing from a constrained condition to an expanded, condition 

5 as it is deployed. A list of devices where the marker could be incorporated is provided in Table 2 and generally contains 
various types of intraluminal endoprosthesis. The preferred metal radiopaque constituents (Ta, Pt,Zr, Ti) are known to 
be biocompatible and have relatively high atomic numbers and linear attenuation coefficients. These elements would 
be added to the bioabsorbable polymer to make the material radiopaque and suitable for. radiographic marking. The 
adjacent column, Metal Radiopaque Constituent Loading, Weight %, indicates the preferred range of loading of the 

70 metal radiopaque constituents into the bioabsorbable polymer to make it sufficiently radiopaque, such as from about 1 
to about 20 weight percent tantalum or platinum compounded or coated onto the polymer. The same type of information 
is given m the next two columns for organic radiopaque constituents. The marker may be made with either metal or 
organic constituents, with metal being preferred for thin markers and organics being more appropriate for thicker nwk- 
ers where higher loadings can be tolerated (so as to not weaken the marker significantly). The last two columns in the 

15 table contain preferred absorbable polymers for the, marker-matrix material. PLLA and.PD LA are preferred fon slow- 
absortxng markers^because.the degradation rate of these polymers is; rather slow (months to years); PGA and polydi- 
oxanone are preferred tor fast tabsorbing, markers becausethe degradation rate of these polymers is rather fast (weeks 
to months) . , v y . - c v% . .. . . . -. ; . .r^...-; vj~z?~v:M m ; v / ' ••• • . ; :■ - '\ 

[0047] For description purposes, the markers of the invention can be segregated into types; threaded and discrete 

20 bioabsorbable radiopaque markers. A threaded marker is generally a strand or strands of material having radiopacity 
which rs incorporated withm the implantable device by interweaving or interbraiding the strand through the struts, or 
wires of the endoprosthesis. A discrete bioabsorbable-radiopaque marker is generally a bioabsorbable-radiopaque pol- 
ymer strand of material which is securely attached to a localized region of the implantable device and does : not signifi- 
cantly extend over a large portion of the device. : - : 

25 [0048] An example of a threaded marker in a braided wire tubular stent is a bioabsorbable-radiopaque polymer strand 
loaded with a radiopaque constituent that is woven' in and out of the wire crossing points following the helical path of 
one individual wire strand in the stent. 

[0049] ' An example of a discrete bioabsorbable-radiopaque marker is a coil, knot, or ring of a bioabsorbable-radio- 
paque polymer strand around a feature of a stent, such as a stent wire crossing point. The strand is wrapped, coiled, or 

30 tied around the stent wire and thereby is mechanically attached to the device. The strand ends are clipped off such that 
the marker is present as a small, tightening around a feature of the stent. T he stent with th e attached markers is loaded 

and deployed from the delivery. ; « v . ~~ T ^nr~r---r-- 

[0050]: The absorbable radiopaque markers are used in a variety of intraluminal endoprostheses such as stents, 
grafts, filters, occlusive devices, and valves. The endoprostheses are implanted in airways, the digestive system; and 

35 the vascular system. When the markers are implanted and exposed to body fluids the absorbable polymer matrix under- 
goes degradation and eventually disintegrates releasing the nondegradable radiopaque constituents into the body. If 
the endoprosthesis and markers have been fully incorporated in the vessel wall, the radiopaque substances will be con- 
tained within the local tissue (as with a stent). If the endoprosthesis and markers are not ingrown and incorporated, the 
radiopaque substances may be released into the body fluid: The release is of little concern in the digestive system, 

40 because the small concentration of particles liberated are likely to have little affect on bile and would be quickly 
excreted. The release of particles into the vascular system is less desirable but this can be avoided by lying low loading 
percentages and line particle sizes for vascular device indications. 

[0051] The function of the absorbable threaded radiopaque marker is to indicate on a radiographic image the location 
of the stent within the treatment site and the length of the expanded stent can be determined by measuring the length 

45 of the marker as it follows the stent shape if the marker was threaded along a stent wire held or axially along a line in 
the stent. The marker can be threaded circumferential ly at each end of the stent covering in a covered stent or stent- 
graft to indicate the location of the radiolucent covering material. The stent expansion during deployment can be 
observed radiograph! cally by watching the radiopaque marker helical or circumferential strand open up as the self- 
expanding stent is released from its radially constrained state. c 

so [0052] ; Discrete bioabsorbable-radiopaque markers have the same functional purpose as the threaded markers, but 
they can be more easily used to mark the specific locations of features of interest on the stent. For example, a discrete 
bioabsorbable-radiopaque marker can be added to the center of the stent length to aid the physician in centering the 
stent within the stricture. Discrete bioabsorbable-radiopaque markers could be used to attach covering fabrics or films 
to stents to make stent grafts so that the location of the covering on the stent could be determined radiographically. 

55 [0053] The discrete bioabsorbable-radiopaque markers can be made from biocompatible absorbable polymers con- 
taining elements= with relatively high atomic numbers such as titanium, tantalum, zirconium, and platinum. J2ifijadio=> 
paque elements can be added by metallu rgical^ alloying^or by making clad composite structures. Radiopaque 
rnn^jtnpntsjTiaYhft fiijfH j i nto hollow c o re s.^ayjges^rporeslrTthe polymer matrix. Organic radiopaque powders con- 
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tainlng elements or salts or^oxides of elements such as bromine, iodine, iodide; barium, and bismuth could be used 
instead of metal powders: ; <i ■-. * *: -v. • t? -J*. . r ; ' ..i' 

{0054] The amount of radiopaque'constituent that is added to the absorbable polymer matrix is generally from about 
1-80 weight percent, but the'specific loadingfdepends upOnlhe atomic number of the radiopaque constituent and the 

5 thickness of the marker. Metallic elements like tantaltim and platinum which have high: atomic numbers can be loaded 
in small percentages' (about 1-20 weight percent) while metallic elements with lower atomic numbers such as titanium 
and zirconium have to be loaded in higher percentages (about 20-40%). Organic radiopaque constituents with relatively 
low atomic~numbers ? like iodine and: bromine require^ loading percentages of from about ~40-80 weight percent while 
organics with higher atomic numbers could be as low as ; 1Q% in thick markers; It is deisifable to have the radiopaque 

io constituent particle size be less than 10 microns so that when dispersed into thebody the particles will notbe so large 
as to cause obstruction or embolization. ' '-J&i . • 

Example 1 *'* * ' <■:/' • ' " : ' - - - •"*:•'*•■* .■.-.-.■-a* *«:<:■■ - < 

75 [0055] An absorbable Jhreaded radiopaque market can 1 be in* the form of a strand of poly (a^ydrbxy acid)* polymer 
containing radiopaque elements; oxides, or salts of el^rrients with atomic numbers of from about 22 to about 83 inter- 
woven orlnterbraided along atielidal f drcurriferentaili or axiahonentation on ah i <^bpr^osth > eSis^ubh"as^a > stent, stent- 
graft, graft, filter, occlusive device, and valve. The radiopaque material has a linear attenuation coefficient of from about 
: 10 cm? atSOKeVitcabotftjaO crrt 1 c at,50^KeV; : -x r-sr-r- r ; j. .; :J c n , -v:^ v " 

ExarrtpJe 2 v : .: : .■ •..•.•'•!■* - v . - v r; . vn-j'v. »v;,v . -v . 

[0056] An absorbable threaded-radiopaque marker. can^be: in the.form of a strand of poly (arhydroxy acid) polymer 
containing radiopaque elements, oxides, or salts of elements with atomic numbers of from about : 22\to about 83 dis- 
25 posed on one or more surfaces of ^endoprosthesis such as a stents stent-graft, graft, filter, occlusive device, and valve. 
The radiopaque material has* a linear attenuation -coefficient of from about 10 cm*l at 50 KeV.taabout 120 cm* 1 at 50 
KeV. . - 

Example 3 . * r -i/r^v . . • .A...-;-.:- ' . .v .• * ■•■ - • • i . • • v- :•• • ■ . * f 

30 ■ •■ ■• ••; v- .*: m U:** - : *x ~ - .: ».>; . - - ,, •■ 

[0057] An absorbable threaded radiopaque markeri.can be in the form of a strand of poly (a-hydroxy acid) polymer 
containing radiopaque elements with atomic numbers of from about 22 to about 23, loaded into hollow cores,* cavities, 
or pores of the polymer portion and disposed on-a, endoprosthesis such as a stent, stent-graft, graft, filter, occlusive 
device, and valve. The radiopaque material. has a linear attenuation coefficient of from about 10 cm* 1 at 50 KeV toabout 
35 120 cm* 1 at 50 KeV. . ; - •* 

Examples. - ;- . - .r : . : . ,*>t. \ ' r.: • - - - 

-i. • . : . v : . » . - . ■ '» \ ti . • . « ■ • 

[0058] An absorbable threaded radiopaque can be a coated or clad composite, marker strand of poly (a-hydroxy acid) 
40 polymer and; radiopaque metallic elements with atomic numbers of from about 22 to about 83, preferably titanium, tan- 
talum, zirconiufn, and disposed on an endoprosthesis such, as a stent, stent-graft, igraft, filter, occlusive device, and 
valve. The radiopaque material has a linear attenuation coefficient of from about 10 cm" 1 at 50 KeV to about 120 cm* 1 
, at 50 KeV. . > . ... . . 

45 Example 5 - . ^ . " 

[0059] An absorbablejthreaded radiopaque marker, can be in the form of a strand of poly (a-hydroxy acid) polymer 
monofilament, ribbon, of multifilament .wire containing radiopaque metallic elements with atomic numbers of from about 
22 to about 83, preferably compounded or coated with titanium, tantalum, zirconium, and platinum metal powders or 
so bromine, iodine, iodide, barium, and bismuth element, oxides or. salts disposed on a endoprosthesis such. as a stent, 
stent-graft, graft, filter, occlusive device, and valve. The radiopaque material has a linear attenuation coefficient of.from 
about 10 cm* 1 at 50 KeV to about 120 cm* 1 at 50 KeV 
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Example 6 

[0060] An absorbable threaded radiopaque marker can be in the form of poly (a-hydroxy acid) polymer matrix com- 
posite strand containing radiopaque metallic elements with atomic numbers of from about 22 to about 83, preferably 
titanium, tantalum, zirconium, and platinum metal powders or bromine, iodine, iodide, barium, and bismuth element, 
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oxides or salt powders disposed on an endoprosthesis such as a stent, stent-graftr graft, filter, occlusive device, and 
valve.The radiopaque material has a.linear attenuation coefficient of from about 10 cm: 1 at 50 KeV to about 120 cm" 1 
atSOKeV. or" '.\_-r/ 

's Example 7. r . ■ r. . : '-. . : r. r. , ,• : .v .-• : = ' 

[0061] ■ A discrete bioabsorbable-radiopaque marker can be in the form of poly, (a-hydroxy acid) polymer containing 
radiopaque metallic, elements with atomic numbers of from about 22 to. about 83, preferably titanium, tantalum, zirco- 
nium, and platinum attached by wrapping, coiling, or tying around features within an endoprosthesis such as a stent, 

io stent-graft, graft filter, occlusive device, and valve such that the. marker is.attached and bioabsorbably removable.from 
the endoprosthesis. The. radiopaque material has a linear attenuation coefficientof . from about. 10 cm" 1 at 50 KeV to 
about 120 cm 1 ; at 50 KeV. . : w — : ,■ . v \ i.; \ v 

[0062] : Reference is .made, tab FIGS. ;8a-8c illustrating alternative embodiments of aportipn of a bioabsorbable-radio- 
paque mar keM 4- The bioabsorbable-radiopaque:marker 14 may have at least one portion for temporary containment 

is of a radiopaque material.. The radiopaque material, may be disposed in one or more hollow, cavity or pore portions in 
the marker-!4s Jror example. flQ. 8a shows a solid bioai^prbablerradiopaque marker. 14. As shown in FIGS. 8^80, the 
bioabsorbable-radiopaque. marker 14; may receive a radiopaque core l 3 disposed in the once hollow 15 portion. The 
radiopaque core 1 3 may be slowly released from the open ends 1 4a, 1 4b of the hollow portion 1 5 into the body: Alter- 
natively, the radiopaque core 13 may;be -released from the, radiopaque core 13 through pores in the walls of the marker 

20 14 into the body .-.u " ^-.^'v::.. ^^Lv;.. I'.sib^ ^"'3-': " •> • ■ : 

[0063] c. FIG., 9 is a illustration of a bioabsorbable-radiopaque marker 1 4 having pores 35. The pores may connect toVa 
reservoir of radiopaque material in a cavity 25 or hollow 1 5 area or he individual pores 35 may be filled with radiopaque 
material. The pores 35 allow the radiopaque material disposed in, the marker-1 4 to exit from the marker 14 over a period 
of time. . r:r • i-'<-'r; j ^}\r-;rk.:A£" >.< .■*•. 1 r *. :.*■..■ - 

25 [0064] The radiopaque material may be solid or include a bioabsorbable casing surrounding a liquid, solid, gel, pow- 
der, or combination thereof and be held in place in a hollow portion 15, cavity 25, or porous 35 portion by a relatively 
weak bioabsorbable adhesive, bioabsorbable gelatin, friction^or« by other mechanical or chemical means known in the 
art. The radiopaque material; may be designed to disperse from the bioabsorbable-radiopaque marker 14 after a prede- 
termined period of time. The radiopaque material preferably has at least one element with an atomic number of from 

30 about 22/to about 83 and, is rempvably-attachable in at least one:hdllow 15, cavity 25; or porous 35 portions in the 
marker i4. The bioabsorbable-radiopaque marker 14 may further comprise one or more walls 30 including walls 
between hollow 15, cavity 25, and porous 35 portions, proximal and distal walls, and combinations thereof that are 
adapted to bioabsorb in vivo. 

[0065] Reference is made to FIGS. I0a-I0d illustrating different embodiments of the bioabsorbable-radiopaque 
35 marker 14 having hollow 15, cavity 25, porous 35 portions, or combinations thereof filled with a nontoxic radiopaque 
material. FIG. 10a shows a bioabsorbable-radiopaque;marker 14 with a hollow 15 portion filled with radiopaque material 
anp having at least one of the proximal or distal ends open; FIG. 10b shows a bioabsorbable-radiopaque marker 14 with 
a/cavity 25 portion filled with radiopaque material haying closed ends; FIG. 10c shows a bioabsorbable-radiopaque 
marker 14 with porous 35 portions filled with radiopaque material; and FIG. 10d shows a bioabsorbable-radiopaque 
40 marker 14 with combinations of hollow 15, cavity 25, and porous 35 portions filled with radiopaque material. The bioab- 
/sorbable:radiopaque marker 14 reacts with body fluids and decomposes and then the constituents are absorbed or 
//excreted from the body. _ , a " ',.■•< 

[0066] FIG. 1 1 illustrates discrete bioabsorbable-radiopaque markers 14 made by forming small rings or coils of bio- 
absorbable-radiopaque filament around features of the implantable endoprosthesis 16. Relatively small and discrete fil- 
45 ament loops (pigtail) bioabsorbable-radiopaque markers 14 are shown at the wire crossing points on the tubular braid. 
[0067] FIG. 12 illustrates the detail bounded by the dashed-line circle in FIG. 1 1 showing a bioabsorbable-radiopaque 
marker 14 around one implantable endoprosthesis 16 wire crossing point. <. 

[0068] FIG. 13 illustrates the bioabsorbable-radiopaque marker 14 of FIG. 12 and FIG. 13 and shows filament ends 
14a, 14b which simply pass over each other to form an enclosed loop that is further preferably knotted, twisted, or tied 

so at ends 1 4a, 1 4b. The bioabsorbable-radiopaque markers 1 4 may be relatively small and comprise a single loop or pig- 
tail of filament around one filament crossing point, filament, an embolization coil, or the like. The bioabsorbable-radio- 
paque marker 14 is preferably made of a PGA, Polydioxaone, PLLA, PDLA, or combinations thereof. Biocompatible 
radiopaque metal constituents preferably include titanium ;. zirconium, tantalum, and platinum. Preferred organic radio- 
paque constituents include bromine, barium, bismuth, iodine, or combinations thereof. 

55 [0069] The bioabsorbable-radiopaque marker 14 is preferably formed from an elongate member such as a filament 
and shaped accordingly onto the implantable endoprosthesis 16. The bioabsorbable-radiopaque marker 14 advanta- 
geously aHows custom marking of the implantable endoprosthesis 16 without the need to acquire preformed marker 
bands or to devise a complicated manufacturing operation. The bioabsorbable-radiopaque. markers 14 may be easily 
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and quickly added to the:implantable .endoprosthesis 1 6. Also, only small, specific sites are marked by the bioabsorba- 
ble-radiopaque marker 14 so a minimum amount of foreign body material would be added to the implantable endopros- 
thesis 16. 

[0070] The bioabsorbable-radiopaque markers 14 should preferably be smaller than the size of the element in the 
s implantable endoprosthesis 16. A smaller diameter bioabsorbable-radiopaque marker 14 should fit through most 
weaves, be deformable, and may be cut to size. 

[0071] Reference is made to FIGS. :12-1 3. illustrating discrete bioabsoibable-radiopaque markers 14 looped i one or 
more times about a filament otf ilament crossing point to prevent release therefrom. The ends 14a, 1 4b are~clipped : and 
positioned to lie in a plane parallel tor the longitudinal axis of the implantable endoprosthesis-1 6, The bioabsorbaible- 

io radiopaque marker 14 may be disposed oaorie or more filament crossing or every other filament crossing point around 
the circumference of the braid: in one circular transverse plane: The bioabsoibable-radiopaque markers 14 may be posi- 
tioned to form one or more circumferential rings on the implantable endoprosthesis 1 6. Alternatively; the bioabsorbable- 
radiopaque markers 14 may be- positioned .along a embolization occlusion coil-intravastfular device* op fflaflnent at pre- 
determined locations as illustrated in* FIQ.15. u: Theends 14a, 14b may then be tied, twisted ," knotted, or adhesively con- 

15 : nected together and thereafter iclipped and positioned ,to 'lie in an unobtrusive lowrprofile position. . 

[0072] It will be evident from considerations: bflhe foregoing that the bioabsorbable-radiopaque marker 14 may be 
constructed using a number of methods and iftaterialS; i n a wide variety of sizes and styles for' the Qr^ep Efficiency and 
convenience of a user.; ^ -.vo'v.-^ :» <t j- r yv- ^i;- ?:iy iU ) 1 u-C: \ .'..o.'«3 :. \.r 3 _c 

[0073] . A bidabsorbablesmarkerthat may advantageously be used in conjunction witte the present invention is dis- 

20 closed in J. Stinson's and Claude Clerc's United States Patent Application entitled "Radiopaque Markets Arid Methods 
Of Using SameYSeriahNo. 08/905,821; filed concurrently herewith; and commonly assigned td the assignee of this 
application. •■ * .i.; / i'.-'i ?'S 10 .<c^;r v. .l iK / ~-; -b :» * 

[0074] ; A bioabsorbable stentthat may^achAarrtagetiiJslyte>us^ln'c6n^nction with the present invention is disclosed 
in J. Stinson's United States Patent Application entitled "Bioabsorbable Implantable Endoprosthesis With Reservoir Arid r^v 

25 -Method Of Using Same", Serial No: 08/905,806, filed concurrently herewith and commonly assigned to the assignee of 
'this application. •-:.-,?;:.£ r. :V* £• rr'*'rzr v/r/-.. ..- . . -* - - - ■ r : .-"•■-<.-. . : ■■. 

[0075] Another bioabsorbable stent that may advantageously be used in conjunction with the present invention is dis- ~ t$£T 

closed in J. Stinson's United States. Patent /Application entitled "Bioabsorbable Self-Expanding Stent* 1 , Seriail No. -sat: 
.08/904,467, filed concurrently herewith and commonly assigned to the assignee of this application. l-.- « • . •* -sr*- 

30 [0076] The above described 'embodiments .bf the invention are merely descriptive of its principles and are riot to be 

considered limiting: Further modifications of the invention herein disclosed will occur to those skilled in the respective ^ 
arts and all such mddifications:are deemed to be within the scope of the invention as defined by the following claims. 1 w 

• Claims. ••• * • - " . 

1. An implantable endoprosthesis and bioabsorbable radiopaque marker system comprising . ■• - 

• an implantable endoprosthesis (16) adapted to be disposed in a body lumen; and ' 

at least one marker.(14) having a proximal end, a distal end, and a thickness, the marker (14) Comprising bio- 
<o absorbable, material and radiopaque material- and is disposed on or adjacent the endoprosthesis (16), the 

. . marker (14)^dapted to degrade in vivo whereby the^bioabsorbable material ismetabolized through or excreted 
from the body and the radiopaque material is excreted from or stored in the body. 

2. The implantable endoprosthesis and bioabsorbable-radiopaque -marker system of claim 1 wherein the bioabsorba- 
45 ble material comprises^ polymer or copolymer.. : • . : ■ * 

3. The implantable endoprosthesis and bioabsorbable-radiopaque marker system of claim 1 wherein the bioabsorba- 
ble material consists of a hhaterial selected from the group consisting of poly-L-lactide, poly-D-lactide, polyglycol- 

.. k ide, polydioxione; polycaprolactone,,and polygluconate/polylactic acid-polyethylene oxide copolymers, 1 modified 
so cellulose, collagen; poly(hydroxybutyrate), polyanhydride, : polyphosphoester, poly(amino acids), poly(alpha« 
hydroxy acid) and combinations thereof • '.' 

4. The implantable endoprosthesis and bioabsorbable-radiopaque marker system of claim 1 wherein the radiopaque 
material has a linear attenuation coefficient of from about 10 cm' 1 at 50 KeV to about 120 cm" 1 at 50 KeV. 

55 ■ . : . . • v/ . . . ' 

5. .. The implantable endoprosthesis and bioabsorbable-radiopaque marker system of claim 1 wherein the marker (14) 
• • has an average thickness of from about 20 microns to about 500 microns and the radiopaque material includes at 
least one element with a atomic number of from about 22 to about 83. 
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6. The implantable endoprosthesis and bioabsorbable-radibpaque'marker system of claim 1 wherein the radiopaque 
material consists of a material selected from the group consisting of barium sulfate, bismuth trioxide, bromine, 
iodine, iodide, titanium oxide, zirconium oxide; tantalum, and combinations thereof. : ' 

5 7. The implantable endoprosthesis and bioabsorbable-radiopaque marker system of claim 1 whereinthe radiopaque 
: material is a oxide or salt material. . 

8: The implantable endoprosthesis and bioabsorbable-radiopaque marker system of claim 1 wherein one of the bio- 
. absorbable material or radiopaque material is coated or compounded With the other and wherein the radiopaque 
10 material has a linear attenuation coefficient of fronrvabout 10 cm" 1 at 50 KeV to about l2GFcm" 1 at 50 KeV. 



9. : The implantable endoprosthesis and bioabsbrbable-radiop&que marker systemof claim 1 wherein the marker (14) 
has a weight percent of the radiopaque material in the bibabsortjable material of from about 1% to about 80%. 

is 1 0. The implantable endoprosthesis and bioabsortoable-radiopaque-marker systerii of claim 1 wherein the bioabsorbsh 
ble material consists of PLLA and the radiopaque material consists of bismuth trioxide and the weight percent of 
the bismuth trioxide in the PLLA is^at least about 10%T ,: : - 

• i i'J~iz~ * -err-; . • : -.r^q ^ - .... .. ■ - 

11. The implantable endoprosthesis and bioabsbf b'abl^radiopa^ue marker system of claimfl wherein the bioabsorba- 
20 ble material consists of PLLA and the radib^que-materiSI iebarium sulfate wherein the weight percentage of the 

barium sulfate in the PLLA is at least about 10%.*m : 

12, The implantable endoprosthesis and bibabsorb^le-radibpaque marker system of claim 1 wherein the marker (14) 
substantially degrades in less than about 3 years. 

25 ' ■ ■ : -. . ; *■ .. ,. -<.r . - • 

1.3- The implantable endoprosthesis and bioabsorbable-radiopaque marker system of claim 1 wherein the bioabsorba- 
ble material consists of polylactide and the radiopaque material consists of a material selected from the group con- 
sisting of barium sulfate, bismuth trioxide, iodine, iodide, and combinations thereof whereby the marker (14) 
substantially degrades in film about 1 year to about 2 years: ' : * ! - * 

30 

1 4. The implantable endoprosthesis and bioabsorbable-radiopaque marker system of claim 1 wherein the bioabsorba- 
ble material consists of a material selected from the group consisting of poly- L-liactide. poly-D-lactide, polyglycol- 
ide, and combinations thereof and the radiopaque material consists of material Wlected from the group consisting 
of barium sulfate, bismuth trioxide, bromine, iodine, iodide, and combinations thereof whereby the marker (14) sub- 

35 stantially degrades in from about 3 months to about 1 year. 

15. The implantable endoprosthesis and bioabsorbable-radiopaque marker system of claim 1 wherein the bioabsorba- 
ble material consists of a material selected from the group consisting of polyglycolide, polygluconate, polydiox- 
anone, and combinations thereof and the radiopaque material consists of a material selected from the group 

40 consisting of barium sulfate, bismuth trioxide, bromine, iodine, iodide, and combinations thereof whereby the 
: marker. (14) substantially degrades in from about -1 week to about 3 months. j " -V 3 * 

1 6. The implantable endoprosthesis and bioabsorbable-radiopaque marker system of claim 1 wherein the marker (14) 
* is in a form selected.from the group consisting of mono-filament, multi-filament, thread, ribbon, suture, and combi- 

45 nations thereof. & 

17. The implantable endoprosthesis and bioabsorbable-radiopaque marker system of claim 1 wherein the marker (14) 
includes one or more portion selected from the group consisting of hollow (15), cavity (25), porous (35), and com- 
binations thereof and the radiopaque material is disposed therein. 

18. The implantable endoprosthesis and temporary bioabsorbable-radiopaque marker system of claim 1 wherein the 
marker (1 4) has radiopacity for a predetermined amount of time. r 



19. The implantable endoprosthesis and bioabsorbable-radiopaque marker system of claim 1 wherein the endopros- 
55 thesis (16) is selected from the group consisting of stent, stent-graft, graft, filter, occlusive device, and valve. 

20. The implantable endoprosthesis and bioabsorbable-radiopaque marker system of claim 1 wherein the endopros- 
thesis (16) has a tubular, radially expandable structure and axially flexible structure including a plurality of the elon- 
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..- gate elements which are Jnterwoyen in a, braid-like configuration. 

21. An implantable endoprosthesis^ bioabsorbable-radiopaque marker system comprising: v : - - 

5 an implantable endoprosthesis (16) adapted to be disposed in^body lumen (12); and 

at least one elongated marker (1 4) adapted to be disposed on or adjacent the.endoprosthesis (16), the marker 
(14) comprising a proximal end, distal end. thickness, bioabsorbable material, radiopaque material having a Hn- 
... earattenuation coefficient of from about 1 0 cm*; at 50 KeV to about 120 crrT^at 50 KeV, the marker (14) having 
at least one hollow (15), cavity (25), or porous (35) portion, wherein the radiopaque material is disposedtherein 

io and wherein the bioabsorbable material at least partially .contains the radiopaque material. . , o : 

22. The implantable endoprosthesis and bioabsorbable-radiopaque marker system.of claim 21 wherein:the radiopaque 
material is a f liquid, solid, powderj gel, particle,, or combinations thereof : •-•'? m :.m ..-.o^v ■ . : 

15 23. A method of marking an implantable endopips^esjsjc^mpri^i.qg the steps .qfc ... *■? . <? vki^.r.c:; r" : * ■ 

disposing at least one elongate marker (1 4) on or adjacentto at least ^portion of a ; implantable: endoprosthesis 
(16), the marker (14) from about 20 weight percent to about 99 weight percent of a bioabsorbable polymer and 
. . from about 1 weigtt p^centto about 80 wa 

20 ... , r prising. liquid or particles, the particles.having ^.ay(Etfage;diam©tetr less,than^about 260tmicroris and a maxi- 
mum diameter less than about 500 microns, the radiopaque, materia) haying a linear attenuation. coefficient of 
from about 10 cm" 1 at 50 KeV to about 120 cm' 1 at 50 KeV; 
. . • disposing the endoprosthesis (16) and rrtark^l 4) ^ (10) 
in a body lumen (12); v--^ ;• u*-^ - -- r . r ; 

25 deploying the endoprosthesis (10) and marker (14) from the delivery system (10) into a body lumen (12); and 

allowing the polymerto bioabsqrb or excrete whereby the radiopaque jmaterial subsequently or simultaneously 
at least partially disperses - .** . ; ' ,r * 

24. A temporary bioabsorbable-radiopaque marker comprising: <: ■ 

30 

a marker (14) having an-average thickness less than about. 500 micronsiand consisting of a bioabsorbable 
. materiaLand a radiopaque material, the radiopaque material having a linear attenuation coefficient of from 
p.,. about 10 cm' 1 at 50 KeV to about 120 cm" 1 at 50 KeV wherein the marker (14) is adapted to be disposed in a 
-.. body lumen (12) and degrade in vivo. 

25. The temporary bioabsorbable-radiopaque marker of claim 24 wherein the marker (14) is elongate and has a prox- 
... imalend and a distal end. ;.c . :-.!■•: • . . • " •* 

- i : . '* ; * " • . • «" -< ■ 

26. A bioabsorbable-radiopaque marker comprising:^ 

40 ' \. . . . . . . .... . • r . ... *.:-.• . 

an elongate element (14) adapted to be disppsedJn a body, lumen and used as a surgical guide, the element 
(14) consisting of a material selected from the group consisting of a bioabsorbable material, a radiopaque 
„ material, and combinations thereof, the element (14) having a weight percent, W, of the radiopaque material in 
. the bioabsorbable material, and an average thickness, T, over the length of the elongate, element (14) wherein 
45 the weight percent, W, is equal to about: 

(i) . [ID + ((?50 x T(measured in mm)-208.5)] ± 5 for radiopaque material having atomic weight 20-100; 

(ii) ((950 x T(measured in mm))-208.5) ± 5 for radiopaque material having atomic weight of 100 to 150 up 
to a maximum of 80 weight percentage ;, or - ■ 

so (iii) [((950 x T(measured in mm))-208.5) - 1 0] ± 5 for radiopaque material having atomic weight greater than 

.. . ,150, ■ , . , . - . : - 5 

wherein the minimum W is about 1 and, the maximum W is about. 80. 

27. A marker (14) comprising: :.,<'. • 

55 , . . t • . ■ • , • . • • . • ' * • 

from about 20 weight percent to about 99 weight percent of a bioabsorbable polymer; and from about 1 weight 
. .. percent to about 80 weight percent of a radiopaque material, the radiopaque material comprising at least one 
of a liquid or particle having an average particle diameter less than about 8 microns and a maximum. particle 
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diameter less than about 10 microns, the radiopaque material having a linear attenuation coefficient of from 
about 1 0 cm" 1 at 50 KeV to about 1 20 cm" 1 at 50 KeV. 
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